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PROJECTION MODULE FOR A MOTOR
VEHICLE

BRIEF SUMMARY OF THE INVENTION

The invention relates to a light module for a motor vehicle
comprising:

at least one light source;

at least one reflector;

at least one lens;

wherein the light emitted by the light source is formed into
a light distribution by a reflecting surface of the at least one
reflector and—when the light module is fitted in a vehicle—is
projected via the at least one lens into an area in front of the
vehicle.

The invention also relates to a vehicle headlight compris-
ing at least one such light module.

The radiation characteristics desired for front headlights of
motor vehicles can be produced by means of different tech-
nical approaches. Here, the following are known

a) pure reflector systems with paraboloid and free-form
reflectors and

b) projection systems, in which a converging lens projects
the image of a beam stop onto the area in front of the motor
vehicle, that is to say generally onto the road. The beam stop
is illuminated here by a unit arranged therebehind, which,
besides a light source, usually also has a primary optics in the
form of a reflector/mirror, light guide, etc.

Both approaches have specific advantages and disadvan-
tages. A disadvantage common to both approaches is the fact
that both systems require a relatively large amount of instal-
lation space. With approach a), in particular with the free-
form reflectors nowadays used almost exclusively, a large
amount of installation space is required in the direction trans-
verse to the optical axis, whereas with projection systems
according to approach b) a large amount of installation space
is required in the direction of the optical axis.

The object of the invention is to create a compact light
module for a motor vehicle without impairing the lighting
properties.

This object is achieved with a light module of the type
mentioned in the introduction or with a vehicle headlight
comprising at least one such light module in that, in accor-
dance with the invention, the reflecting surface of the at least
one reflector is formed in such a way that a first focal point of
the reflector is located between the reflecting surface and the
at least one lens and a second focal point is located on the side
of'the reflector facing away from the lens, wherein the reflect-
ing surface of the reflector is designed in such a way that the
light pattern generated comprises at least one light-dark line.

The light module according to the invention is a projection
system in which light from a light source is concentrated
through a primary optics in the form of a reflector and is
guided onto a (projection) lens, which projects the desired
light pattern onto an area in front of the light module or
vehicle.

In contrast to a conventional structure, in which a real
intermediate image is generated by the reflector, in the case of
the present invention the reflector generates a virtual interme-
diate image of the light source, which is then projected
through the lens in the form of a converging lens into the area
in front of the light module or vehicle. To this end, the reflec-
tor is formed as a hyperbolic reflector or has substantially the
behaviour of a hyperbolic reflector.

Here, in a first variant of the invention, the reflector is
formed substantially as a reflector partial shell, for example as
a reflector half shell, in order to form the at least one light-

10

15

20

25

30

35

40

45

50

55

60

65

2

dark line in the light pattern, wherein light from an area of the
delimiting edge of the reflector partial shell forms the light
distribution at the light-dark line in the light pattern.

Inthis variant, the edge of the reflector (the “trimmed edge”
so to speak of a full reflector) acts as a porthole between the
virtual object and the lens. Parts of a reflector located close to
the lens behave approximately as an aperture stop and there-
fore offer little design freedom in view of the light pattern,
since the image detail remains unchanged with a change of
the aperture, that is to say the light exposure is not changed or
is only changed insignificantly.

Portions of the reflector that are further away from the lens,
however, have the character of a field of view stop to a greater
extent; a change to these areas also changes the projected
image detail, and these regions can be used accordingly to
form the light pattern.

By way of example, with a reflector described in greater
detail further below, which is formed as a half shell and is
opened downwardly, the upper regions of the reflector can be
trimmed in order to reduce the intensity of the light distribu-
tion in the area arranged to the front of the vehicle, whereas
the form of the light distribution at the LD line can be varied
by trimming the lower edge.

In a specific embodiment of the invention, the reflector
partial shell is open downwardly in the fitted position of the
light module, such that a light-dark line arranged at the top in
the light pattern is produced.

Further, the delimiting edge of the reflector partial shell
may run substantially above a plane in which the at least one
light source is arranged.

The light-dark line in the light pattern, for example as is
required of a dipped beam distribution conforming to legal
requirements, can thus be lowered by 0.57° (ECE regulation)
or 0.4° (SAE regulation).

Further, the delimiting edge can be curved toward the front,
upwardly toward the front reflector opening.

Here, curved “upwardly” primarily means that the delim-
iting edge is curved away from the plane in which the light
source is arranged. By way of example, the light source may
be inclined with respect to a horizontal plane and the delim-
iting edge in principle runs parallel to the inclined light
source. Here, the effect may be produced that the light distri-
bution is curved upwardly in an outer edge region of the light
distribution, such that light reaches an area above the legally
permissible areas.

Due to the upwardly curved course of the delimiting edge,
this effect can be counteracted, such that no light reaches
inadmissible areas above the LD boundary.

In order to increase the sharpness of the projection of the
light-dark boundary of the reflector, the at least one light
source may have an elongate configuration and the light
source may be arranged relative to the reflector in such a way
that, in the light pattern, the filament images generated by the
reflecting surface of the reflector are substantially parallel to
the light-dark boundary in the light pattern, since the extent of
the blur is directly proportional to the size of the filament
image, measured transversely to the light-dark boundary.

The longitudinal axis of the light source thus runs substan-
tially parallel to the light-dark boundary to be generated,
wherein an inclination of a few degrees relative to the light-
dark boundary may be quite sensible from an optical view-
point.

Such a light source thus has a much longer longitudinal
than transverse extension, for example such a light source is a
light source formed from a number of light-emitting diodes,
for example in a (1xn) arrangement, in which n LEDs are
arranged in a row, that is to say the light source has a width of
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one LED and a length of n LEDs. Other examples of such
elongate light sources are the arc of an Xe burner or the
filament of a discharge lamp.

In order to increase the sharpness of the projection of the
light-dark boundary of the reflector functioning as a real stop,
the at least one light source may also have a planar light exit
surface, wherein the light exit surface faces the reflecting
surface of the reflector.

Here, the light-emitting surface of the at least one light
source is preferably substantially planar, wherein the delim-
iting edge of the reflector forming the light-dark boundary is
arranged in an area in which the light-emitting surface of the
at least one light source is perspectively shortened.

This last measure can be implemented independently or
together with the above-mentioned elongate configuration of
the light source.

In the above-described embodiment, the reflector gener-
ates one or more light-dark boundaries in the light pattern
since the reflector functions as a real stop, that is to say the
delimiting edge(s) of the reflector is/are projected in the light
pattern as light-dark boundaries (or areas of maximum bright-
ness).

In accordance with another variant, the reflecting surface
of the reflector is formed in such a way that light from the at
least one light source reflected along at least one defined
curve on the reflecting surface is projected in the light pattern
as an area with maximum brightness.

The generation of one or more light-dark boundaries with
a reflector is based here on the effect of what is known as
caustics, and therefore one or more light-dark boundaries
formed arbitrarily in principle can be generated without use
of stops. The at least one defined curve on the reflecting
surface is projected in the light pattern as a caustic line, that is
to say as a line with maximum brightness, and the brightness
reduces on one side (for example beneath this line) and no
light or hardly any light is projected on the other side (that is
say for example above the line).

Furthermore, the reflecting surface of the reflector is
formed in such a way that light from both sides of the at least
one defined curve on the reflecting surface is projected in the
light pattern on a side of the area with maximum brightness,
adjacently to said area.

With a substantially horizontal light-dark boundary (caus-
tic line), the light from both reflector areas is accordingly
projected beneath the caustic line and generates the light
distribution below the LD line.

Such a reflector according to the invention can be varied in
a versatile manner, for example by making it smaller in terms
of the installation space.

By way of example, starting from a reflector which gener-
ates a defined light distribution with defined brightness dis-
tribution, this reflector can be trimmed substantially parallel
to the defined curve on the reflecting surface, which is pro-
jected in the light pattern as an area with maximum bright-
ness, on at least one side of the defined curve.

Due to this trimming substantially parallel to the defined
curve, the form of the light pattern is substantially obtained,
wherein the light pattern becomes darker.

In accordance with another variant, starting from a reflec-
tor which generates a defined light distribution with defined
brightness distribution, this reflector is trimmed substantially
normal to the defined curve on the reflecting surface, which is
projected in the light pattern as an area with maximum bright-
ness.
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Due to this trimming substantially normal to the defined
curve, the light pattern becomes smaller, however the bright-
ness in the areas still remaining in the light pattern is substan-
tially unchanged.

Of course, areflector formed as a real stop with one or more
defined curves, which generate a caustic line, can also be
provided, whereby there are a large number of design possi-
bilities in view of the generation of the light pattern.

In particular, a light module according to the invention has
the advantage that the entire installation depth of the light
module is no longer determined by the sum of the focal
lengths of the primary optics (reflector) and secondary optics
(lens), but by the difference between the two focal lengths and
can therefore be severely reduced theoretically. Although
there are practical limitations here (finite size of the light
source, manufacturing tolerances, etc.) and the reduction of
the installation depth is therefore subject to limits, the instal-
lation volume can be much smaller in the case of a light
module or headlight according to the invention than in the
case of conventional known systems.

Since only the difference of the focal widths of primary and
secondary optics is directly involved in the overall size, the
focal length per se is a virtually free design parameter, which
can be used in order to improve the light pattern.

With a light module according to the invention, the total
refractive power is divided among reflector and lens. Here,
the cross section of the lens is comparable to a conventional
projection system with real intermediate image and otherwise
similar characteristic values, and therefore the required
numerical aperture of the lens decreases. Since chromatic
aberration occurs only in the case of refraction, but not in the
case of reflection, an improvement of the colour fidelity can
be achieved already, since some of the refractive power is
taken over by the reflector.

Further, the lens may be formed as an achromatic lens,
which may also be conducive to the correction of colour
errors. In the case of conventional projection lenses with very
large numerical aperture, it is not possible to form the lens as
an achromatic lens.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in greater detail hereinafter
on the basis of the drawing, in which

FIG. 1 shows a schematic illustration of a light module
according to the invention,

FIG. 2 shows a first variant of a light module according to
the invention in a perspective view diagonally from below,

FIG. 3 shows the light module from FIG. 2 in a perspective
view diagonally from above,

FIG. 4 shows the reflector including light source of a light
module from FIG. 2 in a side view,

FIG. 5 shows the beam path with a reflector corresponding
to FIG. 4,

FIG. 6 shows a light distribution generated with a reflector
from FIG. 4,

FIG. 7 shows a modified light distribution generated with a
modified reflector from FIG. 4,

FIG. 8 shows a second variant of a reflector according to
the invention in a view from behind,

FIG. 9 shows the reflector from FIG. 8 in a perspective view
diagonally from below,

FIG. 10 schematically shows reflection points on a reflec-
tor surface,

FIG. 11 shows projections generated via the reflection
points of the reflector surface from FIG. 10,
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FIG. 12 shows light distributions generated with a segment
of the reflector of the light module from FIG. 8,

FIG. 13 shows a third variant of a light module according to
the invention,

FIG. 14 shows a light distribution generated with a light
module from FIG. 13,

FIG. 15 shows a fourth variant of a light module according
to the invention,

FIG. 16 shows a light distribution generated with a light
module from FIG. 14,

FIG. 17 schematically shows the beam course with a
reflector for generating a caustic,

FIG. 18 shows areas in the light pattern corresponding to
the beam courses from FIG. 17,

FIG. 19 shows an illustration of specific areas on a reflector
according to FIG. 17, and

FIG. 20 shows areas in the light pattern corresponding to
the specific areas on the reflector.

FIG. 1 schematically shows a light module 1 for a motor
vehicle, comprising a light source 1, areflector 2 and a lens 3.

DETAILED DESCRIPTION OF THE INVENTION

The reflecting surface 2a of the reflector 2 is formed here in
such a way that a first focal point F1 of the reflector 2 is
located between the reflecting surface 2a and the lens 3. A
second focal point F2 is located on the side of the reflector 2
facing away from the lens 3, that is to say behind the reflector.

The light emitted by the light source 1 is formed into a light
distribution by the reflecting surface 2a of the reflector 2
and—when the light module 1 is fitted in a vehicle—is pro-
jected via the lens 3 into an area in front of the vehicle.

The light module 1 according to the invention (and also in
all further shown modules and systems) is a projection sys-
tem, in which light from a light source is concentrated
through a primary optics in the form of a reflector and is
guided onto a (projection) lens, which projects the desired
light pattern onto an area in front of the light module or
vehicle. In contrast to a conventional structure, in which a real
intermediate image is generated by the reflector, in the present
invention the reflector 2 generates a virtual intermediate
image of the light source which comes to lie substantially in
the rear focal point F2 of'the reflector 2, and this intermediate
image is then projected by the lens 3 in the form of a converg-
ing lens into the area in front of the light module or vehicle. To
this end, the reflector is formed as a hyperbolic reflector or has
substantially the behaviour of a hyperbolic reflector, and the
focal point of the lens 3 is located substantially in the rear
focal point F2 of the reflector 2.

Under consideration of FIG. 1, the areas of the reflector 2
localised by arrows can thus be seen. Ifa reflector 2 illustrated
in FIG. 1 is trimmed above the area marked by the upper
arrow and below the area marked by the lower arrow, only the
two beams S1, S2 indicated as limit beams and beams
arranged therebetween will still be produced from the reflec-
tor 2 and projected by the lens 3.

With a present light module, a fundamental feature accord-
ing to the invention is the fact that the reflecting surface of the
reflector is formed in such a way that the generated light
pattern has at least one light-dark line.

As can be clearly seen in FIG. 1, it is possible with a
reflector 2, for example by trimming the reflector, to give the
light distribution a desired form, in particular to provide the
light distribution with at least one light-dark boundary, as is
the case for example with dipped beam distributions or with
partial daytime running light distributions.
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The edge of the reflector (the “trimmed edge” so to speak of
a full reflector) acts as a porthole between the virtual object
and the lens. Parts of a reflector located close to the lens
behave similarly to an aperture stop and therefore provide
little design freedom in view of the light pattern, since the
image detail remains unchanged with a change of the aper-
ture, that is to say the light exposure is not changed or is only
changed insignificantly.

Portions of the reflector that are further away from the lens,
however, have the character of a field of view stop to a greater
extent; a change to these areas also changes the projected
image detail, and these areas can be used accordingly to form
the light pattern.

By way of example, in the case of a reflector described on
the basis of FIGS. 2 to 5, which is formed as a half shell and
is open downwardly, the upper areas of the reflector are
trimmed in order to reduce the intensity of the light distribu-
tion in the area arranged to the front of the vehicle, whereas
the form of the light distribution at the LD line can be varied
by trimming at the lower edge.

FIGS. 2 to 5 show a light module 1 comprising a light
source 10, reflector 20 with reflecting surface 20qa, and lens
30. Here, the sizes are purely schematic, and in particular the
lens may be much smaller and for example is as large as the
reflector.

The reflector 20 is formed as a partial shell, in particular as
a half shell, and the light source 10 irradiates light into this
half shell, at which the light is reflected on the reflecting
surface 20a.

The reflector half shell 20 is delimited downwardly by a
delimiting edge 20', 20", as is shown in FIGS. 4 and 5. Light
from the light source 10, which is reflected from an area
around this delimiting edge 20", 20", is projected from the lens
in the light pattern close to or at the light-dark boundary, that
is to say the lower delimiting edge 20", 20" is projected in the
light pattern as a light-dark boundary which delimits the light
pattern upwardly.

Since the delimiting edge 20', 20" is located in this example
(following trimming thereof, as also described) in a horizon-
tal plane, the light-dark boundary also substantially forms a
horizontally running straight line, as can be clearly seen in
FIGS. 6 and 7.

Light originating from areas of the reflecting surface 20a
above the delimiting edge 20', 20" is projected in the light
pattern into an area beneath the light-dark boundary and
generates the light in front of the vehicle. To this end, the
reflector is typically formed in such a way that the virtual
images of the light source are not located exactly in the focal
point of the lens, but slightly thereabove or to the side thereof.
By “trimming”; that is to say varying/changing the front
delimiting edge 20", the form or illumination of the area in
front of the vehicle can be influenced.

Furthermore, as shown, the delimiting edge 20', 20" of the
reflector partial shell 20 can run substantially above a plane in
which the light source 10 is located. In this way, the light-dark
line in the light pattern, for example as is required of a dipped
beam distribution conforming to legal requirements, can be
lowered by 0.57° (ECE regulation) or 0.4° (SAE regulation),
as is illustrated in FIGS. 6 and 7.

Here, the light source 10, as can be seen clearly in particu-
lar in FIG. 4, can be inclined slightly forwards, and therefore
the plane in which the light source is located is inclined
accordingly.

If the lower delimiting edge 20" of the reflector 20 runs
substantially parallel to the (inclined) plane in which the light
source 10 is located, as is shown in FIG. 4, a course of the
light-dark boundary as illustrated in FIG. 6 is thus produced.
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As can be clearly seen in FIG. 6, the effect may be produced
here that the light distribution is curved upwardly in an outer
edge region of the light distribution, such that light passes into
an area above the legally permissible areas. This is due to the
fact that, as illustrated schematically in FIG. 5, light from an
area between the curves 20' and 20" is deflected upwardly
above the lens and is thus projected above the permissible LD
boundary.

If the reflector 20 is trimmed along the curve 20", such that
the resultant lower delimiting edge is now formed by the edge
20", the legally compliant light pattern shown in FIG. 7 is thus
produced without upwardly curved LD boundary in the outer
area.

The asymmetry part located at approximately 5° in FIGS.
6 and 7 is not formed by the edge 20, but is usually produced
by a reflector segment (not illustrated in 2-5), such as a
segment 22 as shown in FIGS. 8 and 9.

In order to increase the sharpness of the projection of the
light-dark boundary of the reflector, the at least one light
source may have an elongate configuration, and the light
source may be arranged relative to the reflector in such a way
that, in the light pattern, the filament images produced by the
reflecting surface of the reflector are located substantially
parallel to the light-dark boundary in the light pattern, since
the spread of the blur is directly proportional to the size of a
filament image, measured transversely to the light-dark
boundary.

The longitudinal axis of the light source thus runs substan-
tially parallel to the light-dark boundary to be produced,
wherein an inclination of a few degrees with respect to the
light-dark boundary may be quite sensible from an optical
viewpoint.

Such a light source thus has a much longer longitudinal
than transverse extension, for example the light source is a
light source formed from a number of light-emitting diodes,
for example in a (1xn) arrangement, in which n LEDs are
arranged in a row, that is to say the light source has a width of
one LED and a length of n LEDs. Other examples for such
elongate light sources include the arc of an Xe burner or the
filament of a discharge lamp.

In order to increase sharpness of the projection of the
light-dark boundary of the reflector functioning as a real stop,
the at least one light source may also have a planar light exit
surface, wherein the light exit surface faces the reflecting
surface of the reflector.

Here, the plane of the light source and the plane in which
the lower delimiting edge of the reflector is located preferably
run in a substantially parallel plane.

For example, the light-emitting surface of the light source
may also preferably be substantially planar, wherein the
delimiting edge of the reflector forming the light-dark bound-
ary is arranged in an area in which the light-emitting surface
of the at least one light source is perspectively shortened.

This last measure can be implemented independently or
jointly with the above-mentioned elongate configuration of
the light source.

With the above-described embodiment, the reflector gen-
erates one or more light-dark boundaries in the light pattern
since the reflector functions as a real stop, that is to say the
delimiting edge(s) of the reflector is/are projected in the light
pattern as light-dark boundaries (or areas of maximum bright-
ness).

FIGS. 8 and 9 show a light module 1 comprising a reflector
21, light source 11 and lens 31. The reflector 21 has a reflect-
ing surface 21a and a lower delimiting edge 21' comparable to
the embodiment described above on the basis of FIGS. 2-5.
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A horizontal light-dark boundary is generated in the light
pattern with this delimiting edge 21'. Areas of the reflector 21
located close to the lens are accordingly arranged far out-
wardly to the side in the light pattern and are accordingly
lowered, such that the occurring blur of the LD line does not
interfere in the light pattern.

The key parts in the light pattern closer to HV utilise the
above-described perspective shortening of the light source,
such that the light-dark line is projected there sufficiently
sharply.

In a specific example, the hyperbolic reflector has a focal

length of approximately 40 mm and the lens is an aspherical
converging lens with a focal length of approximately 100
mm.
As can also be inferred from FIGS. 8 and 9, the reflector 21
has an additional reflector area 22 with reflecting surface 22a.
This reflector area or this reflector segment 22 illuminates a
central area directly around HV in the dipped beam distribu-
tion. Here, this reflector segment 22 or reflecting surface 22a
thereof is designed in such a way that it generates what is
known as a caustic.

For illustration, FIG. 10 schematically shows the reflecting
surface 22a, on which a number of reflector locations P1, P2,
P3, P4, P5, P6 are highlighted. FIG. 11 shows the filament
images W1-W6 in the light pattern generated by theses reflec-
tor locations P1-P6. If the reflector is traversed along a line
connecting the points P1-P6, the filament images W1, W2,
W3 are for the moment then encountered with the corre-
sponding points P1-P3. The point P3 constitutes an extreme
position, that is to say a turning point for the filaments in the
light pattern, because, as can be seen, passing further from P3
to P4 and then to P5 and P6, the filaments W4, W5, W6
migrate back again in the direction of the filament W1.

The filament image W3, via its outermost delimiting edge
W3', thus contacts the caustic (see further below for more
detailed explanations); the reflector 22 or the reflector surface
22a can be trimmed in the vicinity of the point P3 without
changing the sharpness of the light-dark boundary.

Ifthis process as described on the basis of FIGS. 10 and 11
is repeated for a number of lines on the reflector, the complete
trim curve for the reflector 22 is ultimately obtained, said
reflector then assuming the form as illustrated in FIGS. 8 and
9.

Here, in the upper projection, FIG. 12 shows a light pattern
generated with an untrimmed reflector, whereas the lower
projection in FIG. 12 shows the light pattern with a trimming
of the reflector in the vicinity of those reflector locations
which correspond to filament projections at the envelope
curve of the caustic, as described on the basis of FIGS. 10 and
11. The shape of the reflector 22 is given by the trimming.

Due to the trimming, the light-dark boundary becomes
more apparent, in particular a better straight course of the
inclined light-dark boundary is provided, as can be clearly
seen in FIG. 12.

With the light module shown by way of example in FIGS.
8 and 9, the total installation depth is approximately 70 mm.
With the lens, a diameter of 100 mm has been assumed,
wherein the trimming can be very versatile due to the beam
path. Very small lens trims (up to minimal magnitudes of 40
mmx30 mm) are possible without having to put up with large
efficiency losses. The example in the diagram represents a
light exit surface of 65 mmx45 mm.

By use of a multi-row LED as light source with separately
connectable LED rows, an implementation of dipped beam
and main beam is also possible merely by connection of the
LEDs.
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A light source displaced away from the lens (that is to say
closer to the reflector) is projected higher. By arranging the
LED light source in such a way that a row is closer to the
reflector, this closer LED row generates an upwardly dis-
placed light distribution, which can meet the legal require-
ments of a main beam distribution. The rear LED row is thus
projected lower in the focus plane of the lens compared with
the front row.

The multi-row LED light source can optionally be rotated
about an axis that runs through the dipped beam-relevant
chips. In this way, the main beam row is defocused selec-
tively, which leads to a more homogeneous appearance and
greater main beam height.

FIG. 13 shows a light module 1 comprising a light source
100, a reflector 200 (with reflecting surface 200a) and a lens
300, wherein the reflecting surface 200q of the reflector 200 is
formed in such a way that light from the light source 100,
which is reflected along a defined curve on the reflecting
surface 200aq, is projected in the light pattern as an area with
maximum brightness.

The light source 100 comprises one or more light-emitting
diodes, which are arranged vertically, of which the light exit
surface is thus located in a vertical plane, and this light source
100 illuminates the laterally arranged reflector 200, which
generates a substantially horizontal light-dark boundary, as is
shown in the light pattern in FIG. 14. The LD boundary is
generated in accordance with the invention exclusively by a
caustic.

If a primarily hyperbolic reflector having a focal length of
approximately 70 mm and an aspherical converging lens hav-
ing a focal length of approximately 90 mm are used, the
overall depth of the light module 1 is approximately 50 mm.

Here, the generation of the light-dark boundary with a
reflector is based on the effect of what are known as caustics,
and therefore one or more light-dark boundaries formed arbi-
trarily in principle can be generated without use of stops. The
at least one defined curve on the reflecting surface is imaged
in the light pattern as a caustic line, that is to say as a line with
maximum brightness, and the brightness reduces on one side
(for example beneath this line), whereas no light or hardly any
light is projected on the other side (that is to say for example
above the line).

FIG. 15 shows a light module comprising a light source
110, in this case again comprising one or more vertically
arranged LEDs, and this light source 110 illuminates a later-
ally arranged reflector 210 comprising a reflective surface
210a. The light is projected into an area in front of the light
module via a lens 310.

With this light module, a semi-circular light distribution
with pronounced maximum is generated—see FIG. 16. The
superimposition with a mirror-inverted light distribution can
be used to produce a main beam. The substantially vertical
light-dark boundary (see FIG. 16) is generated via the edge
210" of the reflector 210.

In accordance with the invention, a primarily hyperbolic
reflector for example having a focal length of approximately
70 mm is used, and in this example an aspherical converging
lens having a focal length of approximately 90 mm is also
used. The overall depth of the light module is approximately
50 mm.

Lastly, the effect of the caustics, as has already been
described briefly in the case of a partial reflector according to
FIGS. 8 and 9 on the basis of the FIGS. 10-12 and as is also
used with a light module according to FIG. 13, is to be
described in greater detail on the basis of FIGS. 17-20.

Asanexample, FIG. 17 shows alaterally arranged reflector
2000, of which the reflecting surface 2000q is illuminated by
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alight source 1000. The reflecting surface 2000a of'the reflec-
tor 2000 is formed in accordance with the invention in such a
way that light from the light source 1000, which is reflected
along the defined curve O on the reflecting surface 2000a, is
projected in the light pattern as an area with maximum bright-
ness.

In the light pattern illustrated in FIG. 18, light from an area
around the line O in FIG. 17 illuminates an area at and beneath
the horizontal light-dark boundary (see the horizontal
hatched area L.O in FIG. 18). In this example, the line O runs
substantially horizontally. Light originating from the point 2
on the surface 2000a approximately illuminates the area in
the light pattern denoted by “2”.

Light from both sides of the defined curve O on the reflect-
ing surface 2000a, that is to say in the shown example light
from above and beneath the curve O, is projected in the light
pattern on a side of the area with maximum brightness, spe-
cifically beneath this area and adjacently thereto.

With a substantially horizontal light-dark boundary (caus-
tic line) as is shown in FIG. 18, the light from both reflector
areas is accordingly projected beneath the caustic line and
generates the light distribution below the LD line.

There, light from the upper half is reflected downwardly
more strongly than light from the lower half. With a move-
ment from an upper point “1” on the reflecting surface 2000a
via point “2” to point “3”, the curved area LB running from
top to bottom is thus produced in the light pattern by light
beams from an area around this curve running from “1” to
“3”. Light beams from the point “1” and “3” meet at the
lowermost point.

FIG. 19 again shows the reflector 2000 with the reflecting
surface 2000a. Three different vertically running segments
“A”, “B”, “C” are illustrated and generate the three areas “A”,
“B”, “C” in the light pattern in FIG. 20. Light from the area
around the line O is projected at the light-dark boundary in
each case, and light from above and below the line O is
projected beneath the light-dark boundary. By means of suit-
able segmentation and appropriate configuration of the indi-
vidual segments, which preferably adjoin one another con-
tinuously, a large degree of freedom is provided with respect
to the generation of a desired light pattern with light-dark
boundary.

The invention claimed is:

1. A light module (1) for a motor vehicle, comprising:

at least one light source (1, 10, 11, 100, 110);

at least one reflector (2, 20, 21, 200, 210, 2000);

at least one lens (3, 30, 31, 300, 310);

wherein light emitted by the light source (1, 10, 11, 100,

110) is formed into a light distribution by a reflecting
surface (2a, 20a, 21a, 22a, 2004, 210a, 20004) of the at
least one reflector (2, 20, 21, 200, 210, 2000) and, when
the light module (1) is fitted in a vehicle, is projected via
the at least one lens (3, 30, 31, 300, 310) into an area in
front of the vehicle,

wherein the reflecting surface (2a, 20a, 21a, 224, 200aq,

210a, 2000a) of the at least one reflector (2, 20, 21, 200,
210,2000) is formed in such a way that a first focal point
(F1) of the reflector (2, 20, 21, 200, 210, 2000) is located
between the reflecting surface (24, 204, 214, 224, 2004,
210a, 2000a) and the at least one lens (3, 30, 31, 300,
310) and a second focal point (F2) is located on the side
of the reflector (2, 20, 21, 200, 210, 2000) facing away
from the lens (3, 30, 31, 300, 310), and

wherein the reflecting surface (2a, 20a, 21a, 224, 200aq,

2104, 20004) of the reflector (2, 20, 21, 200, 210, 2000)
is designed in such a way that the light pattern generated
comprises at least one light-dark line.
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2. The light module according to claim 1, wherein in order
to form the at least one light-dark line in the light pattern, the
reflector (20, 21) is formed substantially as a reflector partial
shell, wherein light from an area of a delimiting edge (20", 21")
of' the reflector partial shell forms the light distribution at the
light-dark line in the light pattern.

3. The light module according to claim 2, wherein the
reflector partial shell (20, 21) is downwardly open in the fitted
position of the light module.

4. The light module according to claim 2, wherein the
delimiting edge (20", 21') of the reflector partial shell (20, 21)
runs substantially above a plane in which the at least one light
source (10, 11) is located.

5. The light module according to claim 2, wherein the
delimiting edge (20, 21') is curved toward the front, upwardly
toward the front reflector opening.

6. The light module according to claim 1, wherein the at
least one light source has an elongate configuration, and the
light source is arranged relative to the reflector in such a way
that, in the light pattern, the filament images generated by the
reflecting surface of the reflector are located substantially
parallel to the light-dark boundary in the light pattern.

7. The light module according to claim 1, wherein the at
least one light source has a planar light exit surface.

8. The light module according to claim 1, wherein the
light-emitting surface of the at least one light source is sub-
stantially planar, wherein the delimiting edge of the reflector
forming the light-dark boundary is arranged in an area in
which the light-emitting surface of the at least one light
source is perspectively shortened.

9. The light module according to claim 1, wherein the
reflecting surface (22a, 200a, 2104a, 20004) of the reflector
(21, 200, 210, 2000) is designed in such a way that light from
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the at least one light source (11, 100, 110) reflected along at
least one defined curve (O) on the reflecting surface (22a,
200a, 2104, 2000a) is projected in the light pattern as an area
with maximum brightness.

10. The light module according to claim 9, wherein the
reflecting surface (22a, 200a, 2104a, 20004) of the reflector
(21,200,210, 2000) is designed in such a way that light from
both sides of the at least one defined curve (O) on the reflect-
ing surface (22a, 200a, 2104, 2000q) is projected in the light
pattern on a side of the area with maximum brightness, adja-
cently to said area.

11. The light module according to claim 9, wherein starting
from a reflector (200, 210, 2000), which generates a defined
light distribution with defined brightness distribution, this
reflector (200, 210, 2000) is trimmed substantially parallel to
the defined curve on the reflecting surface (200a, 210a,
2000qa), which is projected in the light pattern as an area with
maximum brightness, on at least one side of the defined curve.

12. The light module according to claim 9, wherein starting
from a reflector (200, 210, 2000), which generates a defined
light distribution with defined brightness distribution, this
reflector (200, 210, 2000) is trimmed substantially normal to
the defined curve on the reflecting surface (200a, 210a,
2000qa), which is projected in the light pattern as an area with
maximum brightness.

13. The light module according to claim 1, wherein the at
least one lens (3, 30, 31, 300, 310) is formed as an achromatic
lens.

14. A vehicle headlight comprising at least one light mod-
ule (1) according to claim 1.

15. The light module according to claim 2, wherein the
reflector partial shell is a reflector half shell.
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